JEFIGIAL usk

UN I8 DISCLUSE

INFOHMA Tt

THIS

1.

E .
> 3 % U ® (=
£ = = i -
< o - b Q
- = o @ o
et - wid Lt
j=- - o
o - 7
e
) D
)
Sl -
m QO

-

e - o iy T g

.

UNCLASSIFIED

GOVERNMENT

HOUT THE PRIOR PERMISSION OF THE

F SUPPLY.

MINISTRY OF SUPPLY

CONFHDBENTTAL O copy No. 20)

SRS

EXPLOSIVES RESEARCH & DEVELOPMENT

S Reeeveld

%> INTEL,

PICATINNY

-

ESTABLISHMENT

REPORT No. 29/R/52

20071109143

Cast Double Base Propellants:
Process Mechanics

55 8 MAY1953
—3 ORDGU- |

J. B. Hamann
et

\ (IS N s gl o iy ANE ~
ﬂ.“ul ./-’—.uﬁi,;--.;_' LONDON

DOVER, N, J.

ML53

ARSENAL LIDRARY Best Available Con

© Waltham Abbey
Essex.

THIS DOCUMENT IS THE PROPERTY OF H.B.M. GOVERNMENT
AND ATTENTION IS CALLED TO THE PENALTIES ATTACHING
TO ANY INFRINGEMENT OF THE OFFICIAL SECRETS ACTS

It is intended for the use of the recipient only, and for communication to such officers under him as
may require to be acquainted with its contents in the course of their duties. The officers exercising this
power of communication are responsible that such information is imparted with due caution and reserve.
Any person other than the authorised holder, upon obtaining possession of this document, by finding or
otherwise, should forward it together with his name and address in a closed envelope 1o:-

THE SECRETARY, MINISTRY OF SUPPLY, ADELPHI, I.ONDON w C.2.

Letter postage need not be prepaid, other, postage will be refunded. All pergopsare b d that

the unauthorised retention or destruction of this document is an offence aaitm the Oﬂl:hl Secrets Acts.

UNCLASSIFIED
CONFDENFALD

=




el g it = sl i s

el

4
M
- -




o SR LS SRS . T S
s
 § BEAORT v e
’*li SUBJECT: ; Gfgt'r B(?ubl@ Case Prapel lar
L rrou SLRMA-Tond ca REFERENCES: :
" SrALUATION: DATE OF INFORMATION: Febh,. 1953 DATE OF REPORT:. 22 Maych 1953 |
ot erepanco sy JOHN L, ATKINS, Sci. Copsultant’ /Y source. MeOeS.

SUMMARY OR SID REPORT:  Tiyrplosives Research and Development Establishmert report No. 29/R/52
is by J.B. Homann and describes the experiments used to investigate the mechanics of
casting large dovile base booster for rockets and JATO's. Many conclusions were
reached in this paper as to effects of time, temporature, pressure, on the size of
cast, Particle size of the powder is also considered.

COMMENT: The result of this work will have application to many Ordnance guided miasilo#

. and Jato's. Copies are included for ORDTU, Redstone Arsensl amd Picatinny Arsenal,
Copy No. 23 is for the R&D Board.

Dist by Orig: Copy to Off. Grp#l w/o inecl. //4'34 ?é
L Incl -~ as above ~ & copies i :
APPROVED - I¢ /] / Yo/
FOR THE AIMY ATTACHE: -{/“'L-wﬁﬁ e % G e
. ERNEST C. McINNIS
Lievtenant Colonel, GS
Acting Executive Officer

T e gy

]

Lp SRS

| NOVE: This dosumont canlains infermoiion afiecting ftho nas-tl™ /L/ F l{D f; {/‘ / Jopis in eny monser (o on unauthorized paron is prohibiled l
 lenal dofense of the Uniled Shates within the meaning of dfie f_— O s . I i"a Wy,

"Il Eiplonage Act, 50 U, S. C.3! and 32, a5 omended, Its trans. | SltC e« LNFORMATION
| OG0 PorM 17A  mision or the rovelation of it con-

. e s

|
:

-l BULET Y, $7-53

I

LT

CONFIDENTIAL

Security Information ~ * *




4 ’;‘ﬁ'ﬁﬁfﬁﬁb*@“i”‘ -

ORDNANCE CCRPS |
ROUTING SLIP

= DATE
= J -

£ gL ' ;} i c,afﬂ - Jg3

- 2 NAME AND TITLE GHGANIZAYON & LOCATION INITIAL ! TE
. i PICATINNY ARSINAL,

3 DOVER, Ne Je

3

a

B

L
Il

7

8

o

w0

L

s

12

“| IFOR RETENTION

CHECK ACTION REQUESTED

: C&D

CIRCULATE FILE rgﬁsﬁsnﬂ? SEE Mz
: COORDINATION INFORMATION f@rﬁ ﬁ\‘lD SIGHATURE

REMARKS puTS MATERIAL IS ALSO BFEING CIRCULATED TO THE FOLLOWING:
HX [ APG PA ALD
Attn: At‘iry Attn:} Attn: Ay:

Additional circulation desired | PATE
may be indicated by filling in the spaces above.
| TORGANIZATION AND LOGATION Dept/Am Ord Corps ,wash 25 TELEPHONE MUMBER
DC - ORDGU-IN, Attn: C&D Section, Pentagon Annex 4 75583 - 78709

REPLACES OO FORM 1136, 10 Sgp. 47, WHICH (S OBSOLETE

v -



~

E.R.D,E. 29/R/52 -cg\\w : XR 430,
UNCLASSlFlED

MINISTRY OF SUPPLY

EXPLOSIVES RESFARCH AND DEVELOPMENT ESTABLISHMENT.

REPORT NO, 29/R/52

Cast Double Base Propellants: Process Mechanics
by

J.B., Hamamn,
Attached Australian Scientist.

This report does not contain classified infarmation of
overseas origin.

DISTRIBUTION STATEMENTA  Approved: 7 [/ s,

Approved for Public Release A, BREWIN
Distribution Unlimited S.F.R. I,
WALTHAM ABBEY, Approved for ‘

ESSEX, Ciroulation: C. W . "J&vun, .
C.H. JOHVSQN e
C.S.,E.R.D.E,

o ~ -
Nl AT

UNCLASSIFIED



UNCLASSIFIED

PO g

DISTRIBUT ION

EXTERNAL

TPA3/TIB (42)

Dr., Phillips, B.J.S.M., through TPA3/TIB,

Canadian Defence Research Member, through TPA3/TIE,
Imperial Chemical Industries Ltd:

Dr, G.P, Sillitto ) Summerfield Research

Dr. S. Gordon ) Station through D,M.X.R.D,
Dr. A.C, Hutchison ) Nobel Division,
Mr, S.H. Hayes ) Special Propulsion g

Secction,

Ministry of Supply

Chief Scientist

C. S. (M)

5 ¥ o

C.S.A.R. (4, including Dr, Poole)
I Arm (Air) R.A.E., Farnborough.
D.M.X.R.D. (2)

D.R.A.E.

D.O.F, sxg (2)

D.W.R. (D

LD /X C R

P,T.G, W,

A. D.G.W.%P; (3, including I.E,P,/B.29)
P.D.S.R. (A

P,D, S.R. (D)

R.A.E./R.P,D, (Westcott)

. See. 0.B, (2)
Sec. S.A.C,

War Office
M.C. of S. Shrivenham (2)

Air Ministry

A.D./R.A.F,T.C., Henlow,

Admiralty
5: L

co=Zm
o

.L. , Caerwent,

nluya
g mnEHQ
o

INTERNAL

C.8, ,E.R.D.E,
Dr, Farster
S.FLP e
L-.—o—- - II
S8, L
S0 F,

UNCLASSIFIED



UNCLASSIFIED
.....gyw

-

Slmen, -

Distribution (Continued)

S.C.E,

S./1.S.R.G.

Mr, W.N, Hewson
M», G.L, Hutchison
M, R.dJ, Walley
Dr, L.A, Warren
Dr, W.G. Williams
Dr, G,H. S, Young
Librery

Registry (2)
Information Burcau (2 + stock)

Further copics of this report can be obtained from
Chief Superintendent, Explosives Rescarch and Development
Establishment, Waltham Abbey, Esscx,

il mimnas ] !
: !

UNCLASSIFIED




L.,

5.

- -
S

A A A AN AN LR

-
S

4.1,
L. 2,

k. 3.
L. L.
L. 5.

L. 6,
L. 7.
4.8,
L.9.

CONTENTS

Introduction

Objects of Inveetigation

Experimental Procedurc

Dilatation of Powilcr Granulcs

Dilatation of Convolute=Wound Cellulosec
Acctatce Containcrs

The Dilatation of the Casting System

Densities of Chopped Cord and Cast C'-~wgcs

Packing and Packing Fractions

Rate of Solution of Casgting Powdcr in
Casting Liquid

Long-Tubc Casgtings

Results

Rate of Dilatation of Powder Granulcs

Dilatation of, and Penctration into
Cellulose Acctate, by Casting Liguid

Volume Change During Consolidation

Volume Coefficicnts of Powdcig and Charges

Rate of Solution of Nitroccllulose in
Casting Liquid

Packing Fraction of Fowdcrs

Lffcet of Pressurc on Casting

Effect of Temperaturc on Casting

The Effcct of the Propertice of a Powder
on its Castability

Discussion

Summary of Results

Aclmowledgements

Bibliography

Pigurcs 1 to 22,

Page

o}

o UvumE W N

18

19



CONFIDENTIAL

Reference: XR L30/9

1. INTRODUCT ION

The requirements of modern warfare for solid propellant charges for high
thrust boosts and sustainers for guided missiles and for assisted-take-off
units for aircraft have necessitated the production of grains of larger
diameter than can be made by the extrusion of solventless cordite. Charges
up to 9 inches in diameter have been produced in Great Britain from a 15 inch
oress and up to 10 inches in Germany from a 212 inch press; but the size of
an extrusion is normlly limited to an effective cross-secticnal area 25 per
cent of that of the press cylinder,

The increasing demand for large charges has directed attention to methods
of casting propellant grains, The cast double base process depends on the
ability of nitrocellulosc powders to swell and coalesce into a coherent mass
when treated with a suitable sclvent and plasticiser, The process consists
essentially of manufacturing a container, filling it with a fine-grain nitro-
cellulose powder, evacuating to remove volatile matter, casting with a liquid
nitric ester and curing at an elevated temperature. The container is normally
a cellulose acetate, convolute-wound, tube which bonds to the charge and acts
ag an inhibitor, whilst permitting the propellant and its bond to the
restriction to be inspected,

The casting technigue is not only suitable for the production of chargcs

of large web thickness but also for those of long length and complex grain
pattern.

2, OBJECTS OF INVESTIGATION

Though practical devclopmental work has been carried out on the cast
double basec technique with the 6 inch pilot plant at Waltham Abbey, little
knowledge has been accumulated on the theory of the 'Mechanics of Casting',
This investignation has becen initiated to inerease this knowlcdge and to provide
additional data for casting long charges.

The main objects are:

2.1. To measure thc rate of dilatation of the casting powder and its rate
of penctration by casting liquid,

2.2, To measure the rate of dilatation of the convolute-wound container and
its rate of penetration by the casting liquid,

2,3, To measure the densities, and calculate the volume coefficients, of
the casting powders and finished charges,

2.4, To determine the rate of solution of the casting powder in the
casting liquid,

2.5. To measurc the change in volume of the system on casting and during
the consolidation period,

2,6, To deteimine what effect the geometiical shape, size and mcthod of
manufacture of the powder will have on the mechanics of casting,

2.7. To determine the optimum conditions of temperature and pressurc
required to cast charges up to 15 feet in length,

/3.
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3. EXPERIMENTAL PROCEDURE

3.1, Dilatation of Powder Granules

The granules of chopped cord arc stuck to a thin laycr orf wax at the
bottom of a Petri dish (Fig. 1, p.22) and covercd with casting liquid; the
rate of dilatation is measurcd at rcgular intervals by means of a travelling
microscope,

Two grains arc set in cach dish, onc cxposing the X axis (direction of
extrusion) and the other the Y axis (Fig. 2 bclm‘s.

'Y axis.

CONVENTION FOR DIRECTION OF
MEASUREMENT OF CORDITE GRAINS

FIG 2

The dish is stuck to a square of white card, the granules lined up with
the cross=wircs of the microscope, and a guide linc marked on the card to
correspond with a similar onc on the microscope bascboard to cnsure that the
same cioss=-scchbion is measured cach time,

The dish and casting liquid arc placed in a conetant temperature and
humidity cabinet (sct at 20%°C., 55% rclative humidity) for at lcast 24 hours
before commencing the test., The granules are then measuired, immersed in
casting liquid, re-measurecd and replaced in the humidity cabinect. Mcasurements
are taken after 4 hours, 24 hours and daily for 4 days, aftcr which the swollen
edge is usually too indistinet far furthcy accwrate measurement. Both the
outer swcllen cdges and tic inner unaffectcd coie of the granule arc measured,

As a high percentage of the granules arc not chopped cleanly by the rotary
cutter during manufacturc it is nccessary to pick out the lcast distorted
cylinders to obtain reproducible wegults,

It is also important that the granulcs aic set truly vertieally, with only
onc plane visiblc, beecause during swelling the sharp cdge disappears and
focussing becomes difficult.

/The granules

na

-
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The granulcs should be immersed in a minimum of casting liquid, to
eliminate as far as possible solution effects, though sufficient must be used
to cover the granules completely and ensuwve that the swelling is three-
dimensional,

Carc ghould be excrcised in handling the dishes, especially after 2 days,
to prevent damoge to the soft swollen cdges of the granule. The stabiliser,
2-nitrodiphenylamine, is not added to the casting liquid, becausc its intense
colour makes it impossible to follow the dilatation of the similarly coloured
granulcs, %

3.2, Dilatation of Convolute-Wound Cellulosec Acctate Containers

Initial-experiments on the dilatation ‘of convolutce-would cellulose acctate
containers,~when the specimens were completely immersed in the liquid, showcd
that the most rapid penetration occurred along the laminatione. Therefore, to
simulate practical conditions mare closely, it was decided to expose the
gpecimen fo the liquid on one' surface only.

The specimen (1 inch x % inch) is sct in a thin layer of wax at the
bottom of a small-dish; three of the other surfaces arc restricted with mare
wax, leaving only the inside concave surface cxposed to the easting liguid
(Fig. 3). The dish is stuck to a white card and lined up with the microscope
in the same way as for the cordite granules, then placed in a constant temp-
craturc and humidity cabinet with the casting liguid in a scparate veesel for
48 hours. On starting the test, the liquid is added carcfully =o-as not to
spill any on the top of the specimen.

In this case, two distinct zones arc obscrved - an inner one, indicating
the cxtent of penctration of the liquid, and an outer oic, delineating the
swollen boundary of the specimen, Both are.measured with respect to the
convex edge after 4 and 8 and 24 hours immersion-and then daily fer 10 days,

The colour of 2-nitrodiphenylamine is too intcnse to enable the swollen
cdge to be scen clearly, so it is not added to the casting ligquid. However,
as some contrast is nccessary between the straw=-caolourcd casting liquid and the
clear specimen, the liquid is dyed a very pale green with an approved oil-soluble
dye. - :

3.3. The Dilatation of the Casting Systcem

The dilatomcter and associated apparatus, shown in Fig, L, was designed to
measure the change in volume which takes place after casting and during
consolidation of a cast double base charge,

The casting veseol ie a small glass cylinder with a sintcred glass basc
and scveral lugs to support it in the dilatometer, The two scetions of the
dilatometer are joined by a "Quickfit" joint which, when coated with the
appropriate grade of high vacuum grease (grade depending on the tcmpcraturc),
provides a watertight scal. The cntry tube E and the top of the casting vesscl
arc shapcd so that the casting liquid will be delivered to the bottom of the
dilatometer. The mercury serves two purposcs, firstly, to displace the casting
liquid into the capillary tube, and, secondly to wash the nitric cster from
stopecock B and reduce the risk when the latter is cloged,

The casting vessel is filled with a weighed amount of powder, a fine copper
gauze restriction is placed on top, and the vessel is lowerced carcfully into
the dilatometer, The apparatus is then assembled in the water bath, as shown,
and given an hour at the required temperaturc to come to thermal cquilibrium,
With stopcock B open and screw clip F closcd, vacuum is applicd gimul tancously

/to the
= 5 =
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to the liquid reservoir and to the top of the capillary tube.

After evacuation for one hour the system is ready for casting, which is
carried out as follows:

Screw clip C is closed and screw clip D opened to atmospheric pressure,
then with the vacuum still applied to the capillary tube, F is slowly opened,
admitting the casting liquid to the dilatometer., The rate of flow of liquid
is regulated so that the level remains the same inside and outside the
casting vessel. Thig ie important as otherwise the liquid would flood into the
top of the casting vessel before the casting is complete and create air bubbles
which are difficult to remove,

When the dilatometer is nearly full, clip F is closed and the vacuum
released, Mercury is run slowly in, until the liquid level in the capillary
tube reaches a convenient height, when cock B is closed.

Fluctuations in the liquid level in the capillary are measured with a
cathetometer, the top of the tube being taken as zero, The first few rcadings
are taken at 5 minute intervals, then half hourly for 4 or 5 hours, and
finally twice daily, until there is lesg than an 0,02% volumc change between
two readings.

3,4, Densitics of Chopped Cord and Cast Charges

The Jackson-Bianchi volumeter (Fig, 5) was used to measurc the densities
of casting powders, and of the propellants cast from them, at several
temperaturcs, and from these rcsults the coefficients of cubical expansion
were calculated,

With this volumeter the volume of mercury displaced by the sample of
either charge or powder is directly obgerved in a calibrated tube.

The apparatus consists of a glass volumeter with two calibrated capillarics
F and H, supportecd in a metal frame, Spindle S operates a reduction gear, to
which the frame is attached, and enables the volumcter to be tilted slowly
and evenly to a vertical position, A picce of plate glass C is held against
the ground end of tube E by a hard rubber button on the end of a spring-loaded
lever B,

H

Enough mercury is introduced into the volumeter to fill E and part of F
when it is in a tilted position, For solid charges, the stecl spring D must
also bc in position; for powders, spring D and the special wire gauze container
which holds thc sample of powder must be used. The apparatus is set up in an
air thermostat at the reguired temperature and, with the weighed samples, is
conditioned for 48 hours., The density measurements arc carricd out as follows.

With the volumeter in the horizontal position the glass plate C is
removed, rubber bung A inserted in E, and both ends evacuated simul tancously.
While still exhausted, the tube is tilted back until the mercury nearly reaches
the top of E and entirely covers spring D (and wire gauze cage in the case of
powder), Air is admiitted through the dust filter M by means of the two-way
tap N, the rubber bung is rcemoved and the glass plate is rcplaced and clamped
in position, The tube is further tilted until the mercury fills E complectely,
the remaining air cscaping between the glass platc and the ground end of E,
while the mercury is azrcsted. The position of the mercury surface is read on
the graduated scale F.

The tubc is then tilted back to the horizontal, C and D arc removed, and
the samplc inscrtcd in E. The stecl spring is placed over the sample to
prevent it rising through buayancy, Evacuating and tilting arce performed as
before and a reading on scale H is obtained. The differcnce between the

s & = /readings
CONFTDENT TAT,
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readings is the volume of the sample,

It is important that both the sample and spring D are completely
covered by mercury before admitting air to the exhausted tube.

Tilting should be slow and even, especially as the mercury begins to cover
plate C., The glass plate C must be smooth and flat and the end of tube E
ground perfectly flat, otherwize mercury will be lost.

At least three samples of each powder and charge were measured at 20°C.
»

°c. and 60°C.

45

3.5. Packing and Packing Fractions

The highest nitrocellulose content of solventless cordife is normally
57% and it is doubtful whether this figuve will be exceeded by existing
methods of manufacture. Therefare, far the cast double base process using
single base casting powder containing 88% = 90% of nitrocellulose, it will
be necessary to achieve a packing fraction of at least 64% to match the highest
nitrocellulose content of solventless cordite. '

- The chopped cord used for cast propellants is in the form of isodimetric
cylinders which gave a maximum random packing of 67% and therefore will give
a similar compogition to that of solventless cordite,

The filling head Fig, 6,A, had been designed to give a high, uniform
random packing for use with the 6 inch casting plant. The rate control plate
has 7/32 inch diameter holes set at 1 inch centres, and the distributor plate
his 7/6h inch diameter holes set at 3/16 inch centres, The rate control plate
is designed to regulate the feed to the distributor plate and if the holes in
it are smaller the feed will be slow for practical filling whilst if they are
larger the rate of feed will be too fast and result in clogging.

The optimum ratio of diameter of the distributor plate holes to the
dimensions of the powder (in this case 0,030 x 0.030 inch) is approximftcly
3 to 1 to prevent clogging and deliver the powder as a steady rain. The 20
inches from the lower plate to the casting beaker has been found to be the
minimum fall required to give a packing fraction within 0,2% of the maximum,

In designing a 1 inch filling head for the long-tube casting apparatus,
it was found that 7/64 inch holes in the distributaor plate were too small and
they had to be increased to 9/64 inch at 7/32 inch centres before clogging
was eliminated., '

Owing to variations in the sizes of thc long glass tubes a slight tapex
was prrovided on the base of the 1 inch filling head,

3.6, Rate of Solution of Casting Powder in Casting Liquid

A direct investigation of the rate of sclution of casting powder in
casting liquid cammot be carried out, because it is not readily possible to
determine quantitatively the small amounts of nitroccllulose involved, Also,
as only partial solution takes place, theire can be no direct corrclation
between viscosity and concentration because the lower molccular weight
nitrocelluloses dissolve preferentially,

The really important factor from a practical point of view is not the
increase in concentration but the increase in viscosity of the casting liquid
due to solution of the nitroccllulose, as this is one of the limiting factors
in casting long charges. 4

/The increase

- 5=
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The increase in viescosity was measured as far as possible under practieal
casting conditions. A scrics of long=-tubc castings (Fig, 8) was carricd out
under various conditions of flow and temperaturc, samples of the advancing
liquid were drawn off at scveral levels and their viscositics measured with
an QOstwald U=tube viscometer. The nitrocecellulose content is a maximum at the
advancing liquid swrface where there has been the longest contact between
casting liquid and casting powder; therefarc, these wresults will give the
rate of increase in viscosity with time of contact under various operating
conditions,

These results show only the viscosity changes at the advancing liquid
surface, To investigate the e¢ffect on the viscosity as fresh liquid passcs
through the powder bed would requiire successive samples of liquid from the
intermediate levels, which is not practicable with the long=-tube asscmbly.
Therefore, in order to be able to take successive samples of liquid at regular
intervals, without interrupting the flow through the powder bed, the apparatus
shown in Fig, 7 was set up.

This casting assembly is similar to that shown in Fig. 8, cxcept that the
colum is only 90 cm, high, ar equivalent to the first level of the long tubec,
The filling of the column, conditioning, evacuation and casting procecdurc arc
as described in Section 3.7. The casting liguid passes through the powder bed
and out of thc side arm into the graduated receiver, a sample (25 ce. ) of the
advancing liquid being taken after every 75 ce. have passed into the receiver,
Therefore, samples arc taken after every 100 cn, of liquid has passcd through
the powder bed, rather than at regular iime intervals., The samplc tube is
thoroughly evacuated and clip A closed, then it is attached to the side arm
below clip B, When the sample is required clip B is opened, followed by
clip A, When sufficient liquid has been run inte the tube, elip B is closed,
the sampling tubc removed and replaced with a clean cviacuated one.

Samples are taken over a period of 40 to 50 minutecs and the viscosities
measured. on the Ostwald U-tube viscometer.

These experiments were carried out at various temperatuves but with no
applied nitrogen pressure because the flow rate would have been too fast to
permit sampling at regular intervals with such pressure.

3.7. Long-Tube Castings

The apparatus shown in Fig. 8 was designed for the experimental casting of
long colloidal charges to establish the factors affecting time and length of
casting, and to determine the optimum operating conditions required for large-
scale manufacture,

The column is a one inch I,D. glass tube 15 feet long, made by joining
3 five foot lengths of Pyrex industrial piping, to which 4 side arms are
attached at 3 foot intervals for sampling the casting liquid. The tube is
tested to withstand 80 to 100 p.s.i., which allows an ample margin for safety,
The liquid inlet-tube at the base of the colum is Z inch I.D., and is
cormected to the liquid wreservoir by 3§ inch pressure tubing. The casting
liquid reservoir is a copper vessel, capacity 1,500 ce. with £ inch I.D,
copper inlet and outlet fubes passing through a rubber bung, fitted into the
top of the vesscl and strapped into position., The reservoir is tested to
100 p,s.i, The nitrogen cylinder is fitted with the usual type of reducing
valve and adjustable safcty valve combined. The 'dry ice' trap consists of a
large tube (8 x 1% inches) fitted with a rubber bung, It sits on glass beads
in the bottom of a vacuum-insulated vessel half filled with acetone and 'dry
ice's The inlet tube to the 'dry ice' trap (i.c., from the casting assembly)
is 0,5 inch I.D., this larger size being necessary to prevent drops of water

: /freczing
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freezing on the tube and scaling off the vacuum pump, Connecting lines are
of § inch pressurc tubing,

The colum is volume-calibrated in 100 cc. divisions with water, dried,
then packed with powder through a distributor plate (Fig, 6) in 100 g. lots,
the height reached in cach case being marked on the tube with a paper label,
These figures then give both the overall packing fraction and the individual
packing fractions at any height,

The side arms arc blocked with glasswool to prevent the powder falling into
the sampling tubes. The powder is retained at the base and at tllle top by fine
copper gauzes, . s bcges

The colum is surrounded by a 6 inch diameter cellulose acetate tube, It
has a side arm at the base in which is fitted a glass coil for heating or
cooling the forced draught induced by a small 5 inch fan, Small windows in
the side of the tubc allow access to the side arm sampling tubes. For low
temperaturc castings on warm days the rather crude expedient of adding lumps
of 'dry ice' to the side arm cnabled the tecmperaturc to be maintained with only
a 2%C. risc up the colum, If the room temperature was fairly close to the
rcquired temperature it was possible to maintain the colum at a-temperaturc
gradient of less than 1°C.

g The-casting procedure is as follows. The colum of powder and the liquid
in the reservoir are adjusted to the required temperatures and given two hours
to come to equilibrium, With clip D open and clips A, B and C closed, vacuum
is applicd simultancously te the colum of powder and to the liguid reservoir
and maintained at 2,0 mm. of mercury or below, far one hour, For casting at
atmospheric pressurc, clip D is closed and clip C opencd to make the system
ready., If applied nitrogen pressure is required the rcducing and safety
valves on the cylinder arc set and clips C and D closed and B opened.

Casting is begun by opening clip A, simultancously starting a stop watch.
Times are taken as the ligquid riscs past the labels on the colum and also
when it runs into the sampling tubes, The time of casting varies, depending
on the eperating conditions, but it is usually about an hour, As thec sampling
of“1iquid interferes with-the rate of flow, similar runs are always carried
out without taking samples,

Castings have been carried out using a standard casting liquid with several
gradce of single basc casting powder over a temperature range of 15° to 32°C,
and a pressure range of atmospheric to 30 p.s.i, applied nitrogen pressure,
Frequent duplicatc runs showed that the reproducibility wns very good., In cach
case thc height cast was plotted against the time of casting.

4., RESULTS

4,1, Rate of Dilatation of Powder Granulcs

Dilatatione wore measured with single base casting powder (0,030 inch
long x 0,030 inch diametcr) in casting liquid consigting of 72, 5% nitro-
glycerine and 27, 5% triacetin at temperaturcs of 15°, 20° and 26%,

The composition of Single Base Casting Powder No. 1 is:

Nitrocellulose (nitrated wood paper 12,2% Np) 88%
Dicthylhexyl phthalate
Lead stearate 5%
2-Nitrodiphenylamine
Graphite (glaze) 0.05%
5 /The results
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there is a considerable increase in the rate of dilatation.
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The results show that the dilatation is greater across the diameter of
the granule than along its length and that for small increases in temperature

As the temperature

is raised the length of time during which the swollen edge can be measured
accurately decreases, due to gradual disintegration when the percentage
inerease cxceeds 200.

on both axes at the three temperatures for intervals up to 96 hours.

Fluctuations in the measuirements due mainly to the irregularity of the
surface of the granule make it essential to carry out at least 6 to 8
determinations on each axis of the granule to obtain reliable results,

In Table 1 are summarised the measuwrements of the percentage increases

TABLE

1

Percentage Increase in Dimensions of

Corditec Granulcs in Casting Liquid

Period of Immersior.,
Axis
Measurcd | Temperature.
4L hours | 6 hours |24 hours |48 hours | 72 hours | 96 hours
X 15°C. 1.0 1.7 10 20 36 53
Y 2 Yo 3 2.4 144 5 355 55 77
X 20°C, 3.3 B 25 50 79 114
¥ 0 4,0 6.5 30 73 97 132
§ 26%. 13 17 65 97 134 -
b 4 " 21 29 106 158 195 -

The plot of log (percentage increase in thickness) against log time gives a
straight line rclationship. Fig. 9 shows the rate of dilatation for the X
axis and Y axis at 20°C., and Fig, 10 the effect of temperaturc on the rate of
dilatation.

It will requirc e 14,6% increase in the dimensions of 0, 030 inch x O, 030
inch powder to increase the volume by %0%, or sufficient to fill the voids
compleiely,

4.2, Dilatatian of, and Penctration into Cellulosc Acctate, by Casting
Liquid,

Several samples of convolute wound ccllulose acctate containers, § inch
thick, produced from film-quality foil, werc measured for dilatation and
penctration in casting liquid consisting of 72, 5% nitroglycerine and 27. 5%
triacetin, The composition of the foil was as follows:

B.X. Plastics Film Quality Foil:

Cellulosc acetate 80, 0%
Triphenyl phosphate 20, 0%
Acetyl content (as CHz, COOH) 57 5%
Viscosity of 1% solution relative to acctone at 20°C, L 97

- i =
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The average percentage rates of increase in dimensionsg and penetration
from these experiments are given in Table 2,
TABLE 2

Percentage Increase of Wall Thickness and Penetration of
Casting Ligquid into Cellulos=e Acetate,

Time in Hours L 7 24 48 72 96 168 192
Dilatation 5% 8. 1% 15. 2% 20, 6% 29.4% 39% 48, 5% 50%
Penetration 3% 3.4% 7. 2% 9. 5% 12, 6% 15% 18.6% | 19.1%

The log (percentage increase) plotted against log time gives a straight
line relatimmship in each case and these are shown in Fig, 11,

These results are used as a standard for comparison with other samples of
convolute-wound containers using different bonding solutions. Increasing the
plasticiser content increased both the dilatation and penetration and the use
of a croeslinking agent slightly ilncreased dilatation and in addition caused
irregular penetration giving the sample a corrugated appearance..

The addition of 10% hexamethylene di-isocyanate to the bonding solvent as
a crosslinking agent resulted in the container dilating 67,6% after 150 hours

immersion.

L,3. Volume Change During Caonsolidation

Differcences in the calculated and measured densitics of charges cast in
the 6 inch pilot plant have indicated that the casting process is accompanied
by a real loss in volume. Typical figures obtained for charges. cast with
single and double basc casting powders arc shown in Table 3.

TABLE

Calculated Volume Decrease on Curing = 6 inch Plant.

CONFIDENT TATL

Density of Components, g/cc. | Weight Ratio |Density of Cast Charges.
Calculated Percentage
Powder Liquid Solid, |Liquid |from Colums | Mecasurcd Loss in
1 to 4 Volume
Single base 1. 450 66,5 | 33.5 1. 518 1. 543 1.81%
= 1- 552
Double base 1,370 65. 6 34,4 1. 521 1+ 531 0. 66%
- 1,603
/A scries
& 0 -



A series of small charges were cast inside the dilatometer.
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Casting and

curing werc carried out at the same temperaturc to avoid the influence of

thermal cxpansion.

at 45°C, and 60°C,

Charges werc cast using single bage and double base
powders, with their respective casting liquids,

The

composition of these casting powders and liquids is given in Table L.

TABLE b

Casting Powder and Liquid Compositions

Casting Liquid

Graphitc glaze

0. 05%

0, 05%

Single Base |Double Basec
Component. Powder, Powder,
Used with Used with
F.452/40, | F..,28/183 | P.452/L0. | F..428/183
Nitrocellulose (12.2% N) 88% L%
Nitroglycerine 20% 72% 64%
Triacetin 27% 35%
Ticthyl hexyl vhtholote 5%
. Diethyl phthalate b
2-Nitrodiphenylamine %
Lead stearate 5%
Carbamite 1% 1% 1%
Carbon black

A further scries was cast at the normal casting temperature of 2000. and

maintained at this temperature to determine the loss in volume occurring

without appreciable curing taking placc,

agreement and the final resulte are recorded in Table 5.

- 40 =

/ Table 5.

Duplicate castings showed good




Volume Deerease on Curing,

Tempera ture ; Time Single Basc Powder | Double Base Powder
20°c, 220 hours 0, 69% 0.47%
45°C. 120 " 0.52% 0. 25%
60%. 100 " 0. 42% ©0.23%

]

} -

I___lha-.c.mgsq_m_F.j‘g. .12 show the rate of decrease in volume during curing
while Fig. 13 shows the change taking place after casting without the influence
of curing,.-”

j.r-.—!;.w ft;lq{:he*b-oe}f’_i; ients of Powders and (};migcs

] "

| The densities of: single and double base casting powders and the propellants
rast from ‘them were determined and from these results the coefficients of
cubical Sxpﬂnsian were calculated and are shown in Table 6, The temperature
range 20 to 60°C, was solected as being normal between casting and curing.: A
cheek at 459°%, showed the cocfficient to be constant between 20°C, and 60°¢,

i s

Coefficichnits of Cubical Expansion of Powders and Charges

| TABLE 6
|

: i Coefficient of
Material Cubical Expansion per °C,
x 109
.(a) Singlc base cagting powder 32
(b) Double base casting powder 35.5
(c) Cast propellant containing (a) L3
(@) Cast propellant containing (b) 40,5

Thus on casting at 20°C, and curing at 60°C. the thermal expansion for
propellant cast with single base powder will be 1,72% and for propellant cast
with double base powder 1,62%.

In both cases this is partly offset by the real loss in volume occurring
during casting and curing, and therefore the overall expansion will be less.
(Approximately 1,1% in each case, based on dilatometric measurements. Measure-
ment of 6 inch plant charges cast with single base powder gave zero and charges
cast with double base powder approximately 1%).

A /b 5.
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4,5, Rate of Solution of Nitrocellulose in Casting Liguid

Using a single base casting powder (F,L52/40) and casting liquid of
composition 72% nitroglycerine, 27% triacctin and 1% 2-nitrodiphenylamine, a
serics of long tubes were cast at 150, 200 and 26°C, as deseribed in
Section 3.7. Samples of' the advancing liquid were taken and viscosities
measured, The results arc set out in Table 7 which gives the time of
cantact and the viscosity of the liquid (in centistokes) for castings at
cach temperature.

TABLE

Effect of Temperaturc on the Viscosity of Casting Liquid

Viscosity of Liquid nt: *
Time of Contact
15%, 20°c, 26°0,

2 minutes 20, 6 ¢S, 21, 5 oS, 23,0 cS.

5 - 21,7 " 25.6 ™ 28,35 *
10 ! 2365 " 2T ™ broh M
15 L 24,8 32,5 62,8 "
25 ! 27.4L " L5,0 ™ 130 :
32,5 " 29:.5 ™" 5Teh " 176.5 "
40 " el M 3.8 " i
60 " - - gels,
90 i =~ gels.

120 " gels,
® Viscosity of original casting liquid = 19.7 cS.

The timcs quoted in Table 7 at which the casting gels, represent the
ultimate stage, when the flow has ceased, but the 'slow up' to this stage is
considerable, and can be gauged from the curves in Fig, 20,

The viscosity has becn plotted against the time of contact far the three
temperatures and the resulting curves are shown in Fig, 1L,

It can be scen that successive sampling of the long tube castings would
not be practicable, so a serics of shori tubc castings were earricd out as
described in Section 3,6. Samples were taken in cach case aftcr 100 ce. of
fresh liguid had passed through the powder bed, and though the contact times
arc not fthe same the viscositics of the samples provide some intercsting data,
which are sct out in Tablec 8,

/Tablc 8.
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TABLE 8

Change¢’ in Viscosity of Fresh Casting Liquid -~
Passing through the same Powder Bed

Casting at 15%. ‘| © Caati._ﬁg at 20°C, Cast-ihg' at 26°C
Liguid passed | - ™ ' |
HICHEH, R Cﬂ?’li:g‘:t Viscosity, CTO“:J";‘:': Vis(_:f)?%t}y-,‘._.‘fgggff Viscosity,
GO min, cS. min, es, . W mn:rl. ., cSs,
100 6 21,5 5 v ggpeii pidenigerit 2%.8
200 7 25,6 7 27.2 | 6% ,;6.2
300 8 25,7 7 AR e A Mar i
400 9 25,0 & Y oG o Seineoy bl A
500 10 24,9 9 T S S i I TR
600 10 24,9 9 pgr7r firagq o] Sy ¢
700 10 25.1 10 88,9" W potias T “h7.7
800 10 25,4 1"1 28,8712 o liggi | 2 ofs g
900 ) it 42 2hinee 12 ik M Gk C) T
Overall time of . 82 B | 78 | f'n;88r- FE W iL e
contact. .

In the casc of the chstings rud &t 45 and 20%C., the casting liquid was

still flowing steadily “thiough the. powder bed after 82 and 78 minufcs,
respectively, but with the “one min at 26°C. the flow of liquid was slowing up
considerably after 88 minutes, “Pt"will be noted that the viscositics are much
less than those at a correspori@ing stdge far the advancing liquid in the long
tubc castings.

As it was not possible to determine small quantitice of nitroccllulose in
casting liquid, there was no way of finding the actual percentage dissolved in
the liquid and carried upwards Quring casting. However, a sciics of control
solutions of single basc casting powder in edsting liquid werc made up at
dnereasing concentrations, and the viscogitics moasured,

3 - . Py 43 L 2ot S ¥
“As the powder is very slowly soluble in casting liguid a standard seolution
~ was-made up in acetenc. - Requisite aliquots werc added to portions of casting
liguid and these evacuated until all the acetoné had been removed, A fine
stroam of. air and gentle warming (35%.7) were uséd to assist removal of the
volatile solvent., The highest concent®ation madé up was 0,2%, based on the
nitrocellulose content of the casting powder, A plot of viscosity against
concentration is shown in Fig, 15.

/It was
s 5 =
CONFTDENT TAT,



CONFIDENTTAL

It was conzidered doubtful whether this graph could be used to predict
the percentage of nitrocellulose dissolved during casting because of’ the
possibility of preferential extraction of the lower molecular weight nitro-
celluloses,

Should the sharp rise in the viscosity represent an appreciable increase
in the nitrocellulose content it would result in the top of the chairge having
a higher concentration than the basc; din fact the analysis of scctions of
numecrous castings showed that the max:unum vax rf\twon in composition along the
length of the charge was 1%.

4.6, Packing Fraction of Powders

Random packing by means of a filling hcad incorporating a distributor
plate (Sectlon 3.5.) gives a higher uniform packing fraction than is obtained
by other methods, c¢mploying mechanical shakcers or vibrators,” Vibrators have
the very Lmdesirable effect of creating ncdes of different density which yicld
castings of uncven composition,

It has also been found that the height of fall o: the powder from the
distributor platc has an influence on the packing fraction., The latter increascs
with the former and 20 inches is considered te be the minimum height the powder
should fall to give a satisfactory packing fraction (Fig. 16).

In packing glass tubes 15 feet long, 1 inch diameter, the variation in
packing fraction at any individual level from the overall average was less than
£ 0,25%. The overall average varied less than + O, 5% from tube to tube.

The wall effect with the 1 inch tubes was considerable and the average
packing fraction obtained was only 65, 6%, comparcd wiil an average of 67,3%
for the 6 inch pilot plant,

For a given shape of powder variations in the size, within practical limits,
should not alter the packing fraction, providing each size is uniform and the
wall efflect negligible,.

The more efficiently a casting powder is graphited the closer its packing
fraction will approach the limiting value.

A number of 15 foot columns were packed with 99.5 g, lots of black-
coloured powder interspaced with 0,5 g. layers of red-coloured powder, The
positions of these layers werc carefully marked on the glass tubes and
observed during subsequent filling, The results show that the packed beds
were not compresscd by the weight of the column of powder,

L.,7. Effect of Pressure on Casting

In oxder to determine the flow of liguid through the powder bed at
various pressures without the influcnce of dilatation, or solution of the
casting powder, dummy castings were carried out using glycerine and watcr of
the same viscosity as casting lgiuid, Procedure for thecee dummy castings was
the samc as that described in Section 3,7. and the results ave shown in Fig.17.
When casting commernces the surface of the liguid in the reservoir is level
with the bottom of the bed of powder so that as casting proceeds the decreasing
head of liquid is tending to slow down the rate of casting. Correcting for
this head of liquid and plotting the corrected height cast against time on
log-log paper the exponential functions shown in Fig, 18 are obtained far the
three pressurces,

The heights cast at variocus times are of the same order as calculated from

/a modificd
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These he

ights

not started to influcnee the rate of flow.

minutes,

A scrics of actual long tubc castings were mm
and the resulting curves are
gimilar to those in Fig, 1? but when co_rcctcd fox
to log=log papcr they were cm.ly exponential i functions for times up to 20

shown in

PFig, 19,

The

also agrec with the 6 inch plant
in which dilatation and ratc of solution of the casting powder has

at 200(3 at three pi'cssures

slopes T

the curves

wre very

pressure loss and tramposcci

dilatatwcn is beginning to have an ,_nf’luc-“ce ot the rate of cagting..

It is obvious that from this time| Umvzudc the ratec of solution or

;} Castlngs at the three pressurcs ‘were alco un at tcmpcratmcq of 15° and
26 ¢, and all- the rcsults a '

}
g —

i

are sct out imTable 9.

§ ]lf'fcct of Pressurc on Height Gasé.

Height cast in cm,

s, 20%. 26.
Cg;tmu:g | ! Prcasqrc Pressurce Pressure
. i
Atmod-| 15 30 |Atmos-| 15 | 30 [Atmos-| 15 30
, min, phcrj}.c P.s.i. |p. 2.1, | pheric.] p.s.3 | pos.di. | pheric | p.s. it | p. 8. 1o
5 78 |15 s | 92 | sk [z a0 | as0 ) | 87
10 B € 204 122 179 | 230 129 196~ 245
A5 127 193 238 143 211 272 149 225 280
20 142 216 267 159 235 30k 160 210 307
25 155 234 291 172 256 331 169 260 -32L
30 165 248 311 183 272 355 175 270 337
40 180 271 347 199 297 395 185 288 358
50 19 291 38), 211 316 422 - - -
- 60 206 306 407 220 332 b5 - - -

20 minutece,

As fthe curves of height cast againgt time are partially cxponential there
should be a mlationship between height cast and pressuwe for
at atmospheric pressurce weir'e taken as wnity

multiples of thcee heights

In Table 9 the heights
and the heights at 15 and 30 pP. &, 1. applicd pressure were calculated as
the resulte arc.set out in

Table

time up to

10,

/Table 10
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TABLE 10

Relationship between Height cast and Applicd Casting Pressurc,

15%. 20%. 26°C.
C%?ﬁcﬁ:& Pressure Prcesure Pressure
Atmos- 15 30 Atmos- 15 30 Atmos~- 15 30
min, pheric | p.s.i. | p.s.i. | pheric |p.s.i. | p.s.1i. |pheric |[p.s.i. |P.s.1.
5 1 1. 50 1,86 1 1,45 1,87 1 1.50 1.87
10 1 1.49 1,84 1 1.46 | 1.88 1 1:.5% 1.90
15 1 Te.51 1.87 1 1.47 1.90 1 1. 51 1.88
20 1 1.52 1.88 1 1.48 1.91 1 1,50 1.92
25 1 1459 1,88 1 1.49 | 1.92 1 152 | 1.9
30 1 1. 51 1.89 1 1.48 1,93 1 1. 54 1.93
10 1 1.50 | 1.92 1 1.48 | 1.95 1 1. 56 1. 94
50 1 1. 50 1.97 1 1. 50 2.0 - - -
60 1 1.48 1.97 1 1.51 2,02 - - -

These results will provide a convenient means of predicting approximately
to what height a given powder will cast, providing it has been cast at another
pressure,

4.8, Eff'ect of Temperaturc on Casting

Raising the temperature of the casting system has a threefold effect:
(a) The fluidity of the easting 1iquid is increased.

(b) The rate of sclution of nitroccllulose in casting liquid is
increased,

(c) The rate of dilatation of the powder is increased.

For charges up to 7 feet in length the fluidity is the dominant factor and
there is a small saving in time by casting at a higher temperaturc., But in the
region of 9 to 10 feet the cffect of fluidity is cancelled by the irncrease in

viscosity of the casting liquid due to the sclution of nitroccllulose,

The times taken to cast C,P,3. chavrges (Single Base Casting Powder No. 1)
to various heights arc given in Table 11.

/Table 11
- 16 =
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TABLE 11

Eff'ect of Temperature on Height Cast

Time Taken in Minutes,
Height Cast, - :

feet Cast at 15°C, {Cast at 20%. [Cast at 2690, Gagt: at 32°%,
7 1% 8% 7 6%
8 16 1% 10 . 104
9 21% 15% 1k 18%
10 8% - 204 20 gelled,
11 - 363 25% 29
12 L7 32 L7
13 57% 40% gelled.,
14 73 50
15 97 65

From Table 11 it can be seen that there is no advantage in casting
charges in excess of 10 feet at temperatures above 20°C. Though it is gossible
to cast charges up to 15 feet at both 15°C, and 20°C. the casting at 15 C. is
very slow due to the reduced fluidity of the casting liquid. Therefare 20°C.,
may be regarded as the best temperature at which to carry out all long
castings. :

The curves of the castings at the above four temperatures are showm in
Fig. 20,

L.9. The Effect of the Propertics of a Powder on ite Cagtability

The shape and size-distribution of the powder granules affects the packing
fraction and therefore must also influence the height to which a charge can be
cast.

The ceffect of a differcnce of 1,8% in the packing fraction on the acight
cast can be scen in Fig. 21 in which chopped cord (0. 030 inch x 0, 030 'inch
isodimetric cylindcrs), packed to differcnt densities, was cast under similar
conditions,

Powders of the same shape,ut of different sizes, although they pack to
the same density, will not cast to thc same height. . Considering two isodimetric
cylindrical powders of size '0, 030' and '0,035', when packed the larger size
powder will have a lesser number of intcrstices than the small sized powdcr
but they will be of greater volume, The smaller-interstices will offor greater
registance to flow, and hence, a shorter height will be cast in a given time.

/By pecking
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By packing these powders to the same density and using glycerinc and water as
a casting liquid, thus climinating solution and dilatation cffects, the
influence of this factor can be gauged. Curves A and B in Fig., 22 illustrate
this influence.

There will also be a 356 reductiomm in surface area with the larger sized
powder, which will considerably reduce the ratc of solution of nitrocellulose
in the casting ligquid and matcrially assist the casting, Curves C and D in
Fig, 22 represent runs cast with nitroglycerine casting liquid and thesc two
different sized powders. The divergence between A and C and between B and D
repiresents the effect of dilatation and ratc of solution.

5. DISCUSSIMN -

Whilet the method of carrying out the dilatation mcasurcments is not
dircctly comparable with practical casting conditions, it provides an indication
of the relative values of changes in powdewr compos:.twcm cagting liquid and
temperature, At temperaturce of 159C. and 20°C, the dilatation of Single Base
Casting Powder No, 1 will have a negligible effect on the rate of casting
because in the first hour the volume increcases only 3%. Howcvcr, as the
temperatu:c is raised to 26°C. the incrcase for the same period is 14%, or
Cue tlird tka’ requi-ed cvemnletely ‘o £111 *he wvo'de. and fhis will
definitely influence the casting rate, Further measuvements at higher
temperaturcs should cstablish whether dilatation becomes the dominant factor
ov whother if continues to be a sccondary one in the gelling of long castings.
In the casc of doublc base powders dilatation is a major factor; it has been
shom that voids may be filled within an hour,

The ideal convolute-wound container, in which the charge is cast and
which subsequently forms the restr 3.01:3.01‘1 to prevent the outer cylindrical
surfacc from buming, should bond perfectly to the charge without subsegquent
migration of the solvent, plasticiser or nitric cster, However, to obtain a
good bond of container to charge some migration of one ar more compor:ats must
occur between the two during curing of the charge, The dilatation and penetration
of the restrictive container by casting ligquid will not affect the rate of
casting but will influence bond of the charge to the container. The solution
of the container material in the nitric ester will not affect the rate of
casting appreciably, but may influence the quality of the bond, A study of the
comparative rates of solution of cellulosc acetate in the nitric esters may
explain why nitroglycerine gives a good bond but dicthylene glycol dinitrate
a poor ane with ccllulose acctate restiictione,

The real losscs in volume on casting and cwring as measured by the casting
of small charges in the dilatometew, arc less than those obtained by measurcment
and weighing of a number of 6 inch diamcter charges before and after curing,
but follow the same pattern, The discrepancy may be due to the small charges
not being restricted along their length and to the greater cxcess of liquid
in the dilatometer. When the components ave cast and cured at a high
temperature they contract less than if the operation is carried out at a lower
temperature and also the more highly gelatiniscd 20% double base powder
contracts less than the single basc powder, To investigate the problem further
it will be neccessary to ultc.f' the design of the dilatometer so that a smll
charge can be cast at 20°C. cured at 6000. , and cooled again, the volumes
being measured beforc curing and after cooling, To do this w;ll require the
insertion of a calibrated buld in the middle of the capillary of sufficient
capacity to account for the thermal expansion of the liquid in the system,

The packing fraction governs the solid:liquid ratio and thervefore controls
the composition of the charge. For this reason it is cssential that the method

of £1114
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of filling thc restrictive containers with casting powder should give a high,
uiform and reproducible packing density. A vexy high -packing fraction, cven
if obtainable, is not practical becausc of .the rcduction, in free,space gnd, the.
subscquent slowing down of the rate of casting, Nor is a low packing fraction
desirable because of the resulting high percentage -of liquid in the casting.
Increasing the sizec of thce powder without altering the shape will inecrecase. the
rate of casting but will not altogecther solve the problem of producing long
castings in short times, becausc of the disproportionate increase ia the curing
time, ¢

The sharp rise in the viscosity of the advancing liquid ig.almost ccrtainly
the limiting factor in the casting of long (single basc powder) charges. The
nitrocellulose in the casting powder has a wide range of molecular weights of
varying solubilitics in the casting liquid. To what extent the low molecular
weight nitrocelluloses arc preferentially dissolved cannot be ascertained
until it is possible to determince quantitatively the small amounts of nitro-
ccllulose in the casting ligquid. The results of the cxperiments in which fresh
liquid was continually passcd through thc samec powder bed show that the
viscositics of successive samples do not vary greatly, providing the contact
times arce the same. This mecans that the concentration of nitrocellulose in
these samples is either uniform or is decreasing with the solution of higher
molccular weight nitrocclluloscs of correspondingly higher viscosity., This
work will have to be extended, and the study of rates of solution of nitro-
cellulose- in othermitric esters included, before a clear picturc can be
obtained... .

Considering the results 8f' castings carricd out at different temperatures,
there is little doubt that 20°C. is the best practical temperature at which to
cagt charges up to 12 feet. The slight gain in time obtained by casting shorter
charges at a higher ambient temperaturc ie not worth the risk of the charge
gelling should~.casting be interrupted for a few minutes by a power failure or
other causcs, The acceptance of 20°C. as the optimum casting temperaturc means
that provision will have to be made for hecating and cooling the casting asscmbly,
or. conditioning thc casting housec.

The result of experiments involving only changes in pressure show that
increcasing pressurc dircctly increascs the length to which a charge can be
cast, Therefarc, the limiting positive pressurc at which a charge can be cast
will be dependent mainly on the feasibility of handling nitric csters under
pressurc, Until more information is availablc as to the safety of such handling
it is considcred that a positive operating pressure of 30 to 35 p.s.i. should
not be cxcceded.

The cxperimental casting system is cvacuated and maintained for 1 to 2
hours at 2,0 mm, Hg or lecss to remove moisture from the surface of the granules
and to dry and de-aerate the casting liquid, This period of evacuation is very
important, because traces of moisturc may cause swelling without solution,
resulting in a 'boiled rice' effect and poor cohcsion. It has been suggested
that during the period of evacuation some surface conditioning of the granules
occurs which improves the quality of the casting. Further work on this possible
mechanism is required,

6. SUMMARY OF RESULTS

6.1. The dilatation of single basc casting powder granulcs is greater
along the Y axis (diameter) than along the X axis (length) and the rate of
dilatation imcreases rapidly with a rise in tcmperature, Dilatation is an
cxponential function of time up to 100 hours immersion.

46,2
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6,2, Standard ccllulose acctate eonvolutc-wound containers dilate 50% and
are penctrated 20% after 200 hours contact with casting liquid. Both dilatatim
and penctration are exponential functions of time for this period.

6.3. There is a rcal loss in volume on casting and curing, which is greater
for single base than far double base powdcrs. This loss in volume, as measurcd
after 200 hours, decrcases as the curing temperaturc is raised,

6.4, Based on d:l.latomctr_a.c cxpchnan the overall thermal expansion of
charges cast at 20 %. and cured at 60° C., tak._ng into account the irrcversible
loss in volume, is approximately 1,1% Practical charge measurements give a
lower figure.

6,5. For high, wmiform packing, when a filling is donc through a distributar
plate having holes of a fixed size and spacing (related to the dimensions of
the powder) it is essential that the casting powder falls at least 20 inches,

6.6. As the casting temperature is raised the viscosity of the casting
liquid rises steeply duc to the incireasecd rate of solution of nitrocellulose
in the liquid and ultimantely causes the casting to gel, With C.P.3
composvtlcn gelation occurs after 129, 90, 60 and 30 minutes at temperaturcs
of 15°, 20°, 26° and 32°C., respectively.

6.7. Applied pressure directly influences the height to which a charge can
be cast and for short times of casting it ils possible to predict approximtcly,
other things being equal, what incrcase in height will be obtained with a
known increase in pressurc.

6.2. The maximum useful casting time falls rapidly as the temperaturc riscs
from 15%. to 32°C., but taking fluidity, ratc of solution of nitrocellulosc
and casting time into account, 20°C. is the best practical temperature for
casting charges up to 15 feet long,

6.9. Increasing the size of powder of a given composition whilst retaining

the same shape will increase the height of casting, but this is not altogether
advantageous bececausc the curing time is congiderably increascd.
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